Geothermy and its Future in Indonesia by Zen, M.T.
PR)CEEDINGS ITB VoL, 7" No, L, 7973.
GEOTHERMY ANDI T S  F U T U R E  I N  I N D O N E S I A
& \
^ l
11.T.  Zen '
R I N G K A S A N
Konsep dasar dqri suatu medan uap alam
komez,sil diper.bincangkan dan didefinisikan.
Berdasarkrn pada &Lskusi tev'sebut daerah-dae-
rah d.engan potensi geotherrny dicantwnkan ke
daLan peta. Termyata baVtua tak kurang dari 24
medan hyperthetmal tersebaz, di seluruh uilayah
fndonesia yang benkemungkinan untuk dapat dt-
eksplorasikm Lebih Lanjut. Sayang sekaLi bah-
?ta sangat sedikit A6rLg diketahui mengenai
potensi Indonesia sesungguhnya dqlqrn bidang
in i .
Menghadapi perrnintaan tenaga Listrik
yang semakin menanjak dalqn rangka pengembang-
m nylnnrm i.nrltt.gf,y.i.qlisasi Indonesia dan
terbatasnya persedLaan bahqn bakar fossil, pe-
ngarang menganjurkqn agar semuq. segi dan ke-
mungkinan pemonfaatan segala mac(nn sumben
energi, terrnq.suk geotherrny, dijajaki sejauh
mungkin.
A B S T R A C T
The basie coneept of a conrnercial steqm-
fneld is discussed mtd defined in this paperi.
Based on this discussion potential areqs are
indicated in a map. It is found that not Less
24 geotherrnal qreaa qre .prospectqble. Hou-
eler, it is found that uez,y LittLe is knoun
about the eraet potential of Indonesiq in the
field of geotherrny.
o)D"p . ta r "n t  
o f  Geo logy /Geophys ics ,  Ins t i . tu te  o f  Techno logy
Bandung.
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Antieipati.ng the rising d.emand in elee-
trieity uithin the contert of the broader in-
dustv,iq.Lisation progran of Indonesia and the
Limitat ion of i ts fossiL fuel  reserue, i t  is
suggested that aLL possibi l i t ies fot  ut i l is ing
different kinds of ene"gA, ineLuding geo-
therrny, should be erpLored as far as possible.
INTRODUCTION
This  paper  i s  an  a t tenpE Eo expose the  bas ic  p r inc ip le  o f
geothermy and the  poss ib le  po ten t ia l  o f  Indones ia  in  th is
f ie1d.  I t s  fu r ther  imp l ica t ion  to  the  fu tu re  indus t r ia l  de-
velopment program is also mentioned.
The bas ic  p r inc ip le  o f  geothermy exposed in  th is  paper  i s
par t l y  bu i l t  on  the  concept  o f  Facca and Tonan i  (196I ,  1964)
and also based on the authorts own f indings in the Dieng Moun-
tains, in the Kamodjang Solfataric f ields and the thermal
f ie lds  in  Sumat ra .
Though several geothermal surveys were made and the Dieng
Geotherna l  Pro jec t  has  s ta r ted  the  au thor  i s  o f  the  op in ion
that not enough attention has been paid to geothermy. Indone-
sia is endowed with so many vol-canic areas. At least Indone-
s ia  shou ld  s ta r t  to  f lnd  ou t  what  benef i t  she  can ge t  f rom i t .
The map in Plate I is based on the information col l-ected
by  the  au thor  dur ing  h is  recent  v is i t  to  l r ian  and Su lar , res i .
The thermal f ields of Northern Sumatra, the Padang Highlands,
and Southern Srxnatra were visi ted in early L972, KaLLmantan ln
1971,  F lo res  in  1969 ( th rough the  a id  o f  the  Ins t i tu te  o f  Pow-
er  Research  in  Jacar ta ) ,  whereas  the  thermal  f ie lds  o f  Java
have been v is i ted  fo r  the  so  many t imes.
CONCEPT AND DEFINITION OF A CO}S,IERCIAI STEAMFIELD
Genera l  S ta tement
Before  a  lengthy  d iscuss ion  o f  the  po ten t ia l  a reas  in  In -
dones ia  i s  a t tempted the  au thor  th ink  i t  i s  f ru i t fu l  to  d is -
cuss the fundamental concept of a commercial steamfield since
this concept has changed so much with the development of rnod-
ern geotherrny. The history and development of the attempt to
uti l ise natural steamfield for commercial purposes in Indone-
s ia  has  been d iscussed by  the  au thor  in  h is  p rev ious  papers
( Z e n ,  1 9 6 8 ,  1 9 7 0 ,  1 9 7 1 ) .
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Def in i t ion  and Descr ip t ion  o f  a  Commerc ia l  F ie ld
Def in i . t i .on .  By  de f in i t ion  energy  is  tha t  en t i t y  tha t  enab les
man or machine to perforrn some work. I t  may change through
a w ide  var ie ty  o f  fo rms,  bu t  1 t  can  no t  be  des t royed.  When i t
d isappears  in  one fo rm i t  reappears  in  another .  Heat ,  l igh t ,
e l e c t r i c i t y ,  f o r c e s  o f  m o t i o n  a n d  s o u n d  w a v e s  a r e  a l l  d l f f e r -
en t  man i fes ta t ions  o f  tha t  one fundamenta l  en t i t y  ca l led  ener -
cv .
Most  o f  the  energy  used by  man on the  sur face  o f  the
ear th  o r ig ina tes  as  so la r  energy  or  rad lan t  energy  o f  sun l igh t
whereas a.LL sources of subsur,face ndtural heat that can be
uti l ised for practical purposes prodtLee leoth€rmtt l  elrcrq!1 .
However ,  the  de f in i t ion  jus t  g iven  has  a  very  w ide  mean-
ing .  I t  covers  no t  on ly  the  ac tua l  bu t  a lso  the  fu tu re  poss i -
b i l i t i e s  o f  p r a c t i c a l  u s e  o f  n a t u r a l  h e a t .  I t  i s  v e r y  1 i k e l y
tha t  in  the  fu tu re  every  k ind  o f  geothermal  energy  w i l l  be  o f
p r a c t i c a l  v a 1 u e .  A t  p r e s e n t ,  h o w e v e r ,  o n l y  t h e  n a t u r a l  s t c r m
can be  u t i l i sed  economica l l y  fo r  indus t r ia l  deve lopment .
F i rs t  o f  a l l  we have to  de f ine  what  a  na tura l  s teamf ie ld
is l  t t te  nex t  s tep  is  to  de f ine  the  phys ica l  requ i rements  wh ich
a na tura l  s teamf ie ld  shou ld  have in  o rder  to  be  ab le  to  sup-
por t  an  indus t r ia l  deve lopment  commerc ia l l y .  In  o ther  words ,
a  commerc ia l  s teamf ie ld  shou ld  be  de f ined f i rs t .
In this paper a natuyal stecvnfieLd is defined as Ltn el. .)e
in the ecuth cvust ahere suff icient natural stedrn cctn be prod-
uced by dri l l ing to support an industnial deuelopnent.
Th is  imp l ies  tha t  the  in te res t  o f  geothermy is  l im i ted  to
the  s teamf ie ld  t .ha t  can  produce la rge  quant i t ies  o f  energy
comrnerc ia l l y .  S ince  exp lo ra t ion  cos ts  a re  h igh  a  lower  l im i t
shou ld  be  se t  fo r  the  commerc ia l  in te res t  and th is  means tha t
a  f ie ld  p roduc ing  less  energy  than the  cer ta in  quant i t y  se t  up
by  the  l im i t  i s  no t  c lass i f ied  as  a  commerc ia l  na tura l  s team-
f i e 1 d .
Many economic  and tec l - rno log ica l  fac to rs  a re  invo lved in
def in ing  th is  lower  1 imi t .  Wi th  the  cond i t ions  preva i l ing  a t
p resent  and the  techno log ica l  p rogress  we are  in ,  i t  can  be
safe ly  s ta ted  tha t  a  s teanf ieLd ah ieh  has  the  capac i tU o f
pz:o&.Lcing half a bi l l i .on of Kuh per Aear is a f ield uthich cetn
p:L'oduce 5 mil l ion of tons of steam at e pv,essure of 5 atmos-
phez,e or more, and uith a minirrum temperatur 'e of 150"C (Facca
and Tonan i ,  1961) .  Th ls  de f in l t ion  is  i rnpor tan t  s ince  i t  p ro -
v ides  a  base by  wh ich  a  geo log ica l  cond i t ions  and env i ronment
c a n  b e  d e f i n e d  w h i c h  m i g h t  p r o d u c e  s t e a m  i n  s u c h  a  q u a n t i t y .
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Geolog ic  Cond i t ions  and Env i ronnents  o f  a  S teamf ie lc l
The most  essent ia l  geo log ic  cond i t ion  to  p roduce a  s team-
f i e l d  i s  a  h e a t  s o u r c e .  H o w e v e r ,  j u s t  a  h e a t  s o u r c e  i s  n o t
enough.  I t  shou ld  be  in  a  geo log ic  env i ronments  such tha t  a
k ind  o f  a  t rap  can be  fo rmed to  p roduce s team in  commerc ia l
q u a n t i t y .
l lany  geo log ic  p t renomena can ac t  as  a  source  o f  heat  such
a s  f a u l t i n g  a n d  g e o c h e m i c a l  r e a c t i o n s .  H o w e v e r ,  t h e  q u a n t i t y
r . r f  heat  genera ted  in  such a  way usua l ly  can  never  reach the
d e f i n c d  r e q u i r e m e n t g  o f  a  s t e a m f i e l d ,  T h e  m o s t  l i k e l y  g e o l o -
g i c  p r o c e s s  w h i c h  i s  c a p a b L e  c o  p r o v i d e  s u f f i c i e n t  q u a n t i t i e s
o f  h e a t  i s  t h e  m o b i l i s a t i o n  o f  s u b c r u s L a l  h e a t  s t o r e d  u o  i n
r J c t ' 1 ;  s e a t e d  m a g m a .
U p w e l l i n g  o f  b a s a l t i c  m a g m a s ,  p r o c e s s e s  o f  m a g m a t i c  e v o -
I u [ i o n  a n d  t h e  g e n e s i s  o f  v o l c a n o e s  a r e  g e o l o g i c  e v e n t s  i . n
r i l r i c h  a  t r a n s f e r  o f  h e a t  f r o m  t h e  d e e p e s t  p a r t  t o  t h e  u p p e r
L a t ' c r s  o f  t h e  e a r t h  c r u s t  a r e  i n v o l v e d .
IJased on  th is ,  the  na tura l  s teamf ie lds  now in  p roduc t ion
a r e  c l a s s i f i e d  i n t o  3  m a i n  t y p e s .  T h e s e  a r e :
1 .  L a r d e r e l l o  T y p e  )  - .
2 .  M o u n t  A n ) i a t a  T y p e  )  t t a r y
3 .  Wai rake  Type New Zea land
l .  T h e  L a r d e r e l l o  T y p e  o f  a  s t e a m f i e l d  i s  o n e  o f  w h i c h  t h e
heat  source  is  a  g ran i t l c  p lu ton ,  sea ted  a t  an  unknown,
but  no t  a t  a  very  g rea t  depth .  I t  i s  a  magmat ic  body ,  a
b a t h o l i t h  o r  l a c o l i t h ,  w h i c h  h a s  c o m e  v e r y  c l o s e  t o  t h e
sur face  bu t  w i thout  hav ing  any  d i rec t  communica t ion  w i th
t h e  s u r f a c e .
2 .  The Mount  Amia ta  Type is  a  s teamf ie ld  genera ted  by  a  rnag-
mat ic  body  wh ich  has  reached the  upper  par t  o f  the  c rus t
w i th  su f f i c ien t  energy  to  g ive  b i r th  to  a  d is t inc t  vo lcan-
ic  man i fes ta t ion  in  the  fo rm o f  p l iocene or  quaternary
vo lcanoes wh ich  are  ex t j ,nc t  a t  p resent .
3 .  The Wai rake  Type is  a  s teanr f ie ld  wh ich  is  d is t inc t l y  con-
nec ted  w i th  an  ac t ive  vo lcano.
Based on  the  th ree  mode ls  \ re  can de f ine  3  favorab le  a reas
f o r  s t e a m  e x p l o r a t i o n ,  a n d  t h e s e  a r e :
1 .  Areas  w l th  re la t i ve ly  sha l low in t rus ions
2,  Areas  o f  recent ly  ex t inc t  vo lcanoes
3.  Areas  around ac t ive  vo lcanoes .
Pet ro feum geo logy  a  f i rm knowledge o f  the  sed imentary
bas in  i s  essent la l  fo r  an  exp lo ra t ion  program s ince  i t  enab les
u s  t o  m a k e  a  s c i e n t i f i c ,  r a t i o n a l  c h o i c e  o f  p o t e n t i a l  a r e a s ,
J _ l
whereas  the  theory  o f  hydrau l i cs  w i l l  he lp  us  to  loca te  more
exac t ly  the  probab le  s ing le  exp lo ra to ry  we l1 .  Th is  i s  a lso
va l id  1n  se t t ing  up  a  geothermal  exp lo ra t lon .
In  th ls  way i t  can  be  s ta ted  w i th  cer ta in ty  tha t  ac tua l
sur face  shows are  no  longer  necessary  cond l t ion  fo r  the  cho ice
of  a  d r i l l i ng  s i te .  However ,  they  are  very  use fu l  f rom a  re -
g iona l  po in t  o f  v iew.  Th is  concept  o f  course  a l te rs  d ras t i -
ca11y  the  method and techn ique o f  a  geothermal  exp lo ra t ion
p roSram.
Condit ions and Envi.ronments for Heat Accumulation
We have previously defined the heat source necessary to
genera t .e  a  s tearn f ie ld .  A  heat  source  is  a  bas ic  p rerequ is i te .
Hovrever ,  i t  i s  no t  su f f i c ien t .
The most ideal geologic condit j-on and environment of a
s teamf ie ld  i s  such tha t  we encounter  a  source ts  cap rock ,  a
productive aqui-fer and an aquifer cap rock such as i l lustrated
i n  F i g .  1 .
Scheme of an ideal
n a n i  e t  a l . ,  1 9 6 4 .
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R i g h t  o n  t o p  o f  t h e  h e a t  s o u r c e  t h e r e  i s  a  s o u r c e t s  c a p
roc t r :  wh ich  cons is ts  o f  an  imperv ious  ser ies  over ly ing  the  mag-
mat ic  bod) ' .  In  rea l i t y  i t  i s  the  magmat i .c  body  and the  over -
ly ing  imperv ious  body  wh ic l l  make ou t  the  heat  source .
O n  t o p  o f  t h e  s o u r c e ' s  c a p  r o c k  t h e r e  i s  a  v e r y  p e r v i o u s
and porous  reservo i r  wh ich  is  ca l1ed the  produc t ive  aqu i fe r .
T l i i s  layer  aga in  i s  over la in  by  an  imperv ious  layer  wh ich  is
c a l l e d  t h e  a q u i f e r  c a p  r o c k .  T h e  p r o d u c t i v e  a q u i f e r  i s  s a n d -
rv ic i red  in  be tween two imperv ious  sequences .
T i re  s i tua t ion  must  be  such tha t  in  the  prev ious  hor izon
of  the  source ts  cap rock  the  thermal  conduct iv i t y  i s  ra ised
ancl the t lrerrnal gradient is lowered caused by the thermal con-
v r ' c t ion ,  and a lso  v ice  versa  in  the  i rnperv ious  hor izon .  In
t l r i s  rvay  t i re  h ig t res t  poss ib le  tempera ture  fo r  the  top  o f  the
p e r : m e a b l e  s e r i e s  i s  a s s u r e d .
T h e  t o 2  s u r f a c e  o f  t i r e  s o u r c e t s  c a p  r o c k  s h o u l d  e n a b l e
a  s teady  and upward  f low o f  heat .  The water  o f  a  p roduc t ive
a q u i f e r  i s  h e a t e d  a t  t h e  b o t t o r n .  I f  t h e  p e r m e a b i l i t y  l s  h i g h
a n d  i f  t h e  t h i c k n e s s  o f  t h e  p r o d u c t i v e  a q u i f e r  l s  s u f f i c l e n t ,
convec t ion  cur ren ts  w i l l  o r ig ina te  and assure  an  upward  t rans-
f e r  o f  h e a t  ( F e r c c a  a n d  T o n a n i ,  1 9 6 1 ) .  A 1 1  t h e  w a t e r  o f  t h e
very  perv ious  aqu i fe r  i s  heated ,  whereas  the  tempera ture  a t
the  top  o f  the  perv ious  layer  i s  no t  so  d i f fe ren t  f rom the
tempera ture  a t  the  bo t tom.  The heat  t rans fer ,  assured by  the
convec t ion  cur ren ts ,  occurs  in  an  en t i re ly  d i f fe ren t  way  than
t l re  heat  t rans fer  in  the  i .mperv ious  beds .  In  the  perv ious
beds the  s t rong convec t ion  aqua l ises  the  top  and bo t tom tem-
p e r a t u r e  o f  t h e  f l u i d s .
l . Ihereas in the irnpervious beds where no f luids movement
is  poss ib le  t1 - re  tempera ture  inc reases  w i th  depth  a t  the  h igh
ra te  s ta ted  by  Che low conduct iv i t y  o f  the  rocks  and by  the
to ta l  l i i gh  f low o f  heat .  There fore  the  tempera ture  a t  the
perv ious  bed happens to  be  h igh  in  th is  case (Facca and Tona-
n i ,  1 9 6 1 ) .  I n  o t h e r  w o r d s ,  a  c o m m e r c i a l  s t e a m f i e l d  1 s  a  t r a p
for  the  convec t ion  geothermal  cur ren ts  genera ted  by  a  su f f l -
c i e n t  h e a t  f l o w  ( F a c c a  a n d  T o n a n i ,  1 9 6 1 ) .
Prospec tab le  Areas  1n  Geot l - re rmal -  Exp lo ra t ion
Based on  the  c lass i f i ca t ion  o f  p resent  day  opera t ing  geo-
t h e r n r e l  f i e l d s ,  t h e  p r o s p e c t a b l e  a r e a s  o f  n a t u r a l  s t e a m f i e l d s
(  i  )  f ie lds  connected  w i th  sha l low in t rus lons
(  i i  ;  f ie lds  l inked to  p resent  day  ac t ive  vo lcanoes
( i j - i )  f ie lds  l inked to  recent ly  ex t lnc t  vo lcanoes.
Areas  o f  ac t i ve  and e :< t inc t  vo lcanoes are  very  easy  to
loca te .  Hor^ rever ,  there  are  so  many areas  o f  recent ly  ex t inc t
vo lcanoes so  tha t  someth i .ng  more  e labora te  has  to  be  sa id .  In
th is  respec t ,  a l l  a reas  o f  ex t ioc t  vo lcanoes r . , ; j . th  some s igns
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of  pos t  vo lcan ic  ac t iv i t y  (Karnod jang so l - fa ta ra  f ie ld  in  west -
e rn  Java)  a re  cons idered prospec tab le ;  w i thout  such s i_gns  a l l
quaternary and pl i .ocene vol-canic areas are prospectable.
Noth ing  can be  sa id  a t  th is  s ta te  about  p re-p l iocene vo lca-
noes, however, i f  there is some evidence of actual thermal ac-
t ivi ty, this area deserves further investi-gati-on.
A geologic envi.ronment with a high probabll i ty for f ind-
ing a steam trap is when a thlck sedimentary series are being
p ie rced by  a  vo lcano.  In  th is  case thb  subsur face  geo log ica l
sequence with l ts pervious and impervious layers can be fore-
cas ted  be t te r .  The geo log ica l  as  we l l  as  the  geophys ica l  in -
fo rmat ion  are  more  re l - iab le  so  tha t  the  cho lce  o f  a  ra t iona l
loca t j -on  fo r  the  exp lo ra t .o ry  we l l  w i l l  be  no t  so  d i f f l cu l t .
In  an  en t i re ly  vo lcan ic  ser ies ,  l i ke  in  the  D ieng vo lcan ic
mountai"ns (Central Java), the pervious and i-mpervious strata
can on ly  be  ascer ta ined by  dr i l l i ng  (Zen,  I97 l ) .  In  th is  case
nei-ther can there information be obtained about the lateral
ex tend o f  the  d i f fe ren t  vo lcan ic  fac ies .
Like in petroleum explorat ion geol-ogic and geophysical
methods can be applled such as gravimetry, magnetometry, geo-
e lec t r i c i t y  and se ismomet ry .  The most  success fu l -  method in
del ineating hot r{7ater reservolr is the geoelectr ic method
(Zen, L97L) aided by a geochemical investigation. The most
reconnnended geophysical procedure to be used in del ineating
a hot-water reservoir up t i l l  now would be profi l ing with di-
rect current resist ivl ty method, cornbined with direct current
res is t i v i t y  sound ings  to  depths  o f  the  order  o f  3  Km (Banwe11,
1 9 7 0 )  .
POTENTIAL ARNAS IN INDONESIA
The Volcanic Geology of Indonesia
After the basic concept of geothermy has been explained
we can now attempt to define potential geotherrnal areas in In-
donesia. However, some understanding of the volcanic evolu-
t io?r  in  Indones j -a  w i l l  be  a  very  va luab le  a id  in  th is  a t tempt .
In  Indones ia ,  no t  less  than 128 ac t ive  erup t ion  centers
are  found,  o f  wh ich  78  have erup ted  s ince  1600,29  are  in  so l -
fa ta r ic  s tage and about  21  are  so l fa ta r ic  f ie lds  wh ich  are
not obviously connected with a volcano, whereas the number of
volcanoes which are in a more or less advanced stage of ex-
haus t ion  and d is in tegra t ion  i . s  much grea ter ;  i t  exceeds 500.
However, the volcanic activi ty we witness taking place around
us nor^r is part of a phase which commenced in the Quaternary.
Before, several phases were known. However, phases of volcan-
ism did not start at the same t ime al l  over the islands (Ta-
b l e  I  -  2 ) .
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In  Java,  the  la tes t  and th i rd  cyc le  o f  vo lcan ism s tar ted
in  the  Quaternary  and las ted  un t i l  the  present  t ime.  I t  i s
very  in te res t ing  to  no te  tha t  some Quaternary  vo lcan i .c  ac t i v -
i t y  in  Java w i th  leuc i te -bear ing  e jec ta  occur red  a long the
nor th  coas t  o f  the  is land,  namely  in  the  sed i rnentary  bas in  o f
the island, where the volcanic channels plerced through the
th ick  young sed lmentary  s t ra ta .  However ,  no  po ten t ia l  a reas
have been found as  ye t  a long th is  zone.
The volcanoes in the Indonesian Archipel lago are arranged
in a number of zones. The zones form general ly the inner arc
o f  mounta in  sys tems;  the i r  ou ter  a rcs  a re  non vo lcan j -cs .  One
typ lca l  example  is  the  Sunda Mounta in  Sys tem.  l t s  vo lcanoes
are  s i tua ted  on  the  ax is  o f  a  la rge  an t ic l ine  wh ich  s t re tches
from the Barj,san Mountains in Sumatra through Java to the
Lasser  Sunda Is lands .  The non-vo lcan ic  ou ter  a rc  runs  th rough
the  is lands  west  o f  Sumat ra  and the  submar ine  r idge wh ich  cu ts
the  t rough south  o f  Java in to  two.  In  nor thern  Moluccas ,  two
zones o f  ac t i ve  vo lcan ism are  found,  whose complex  s ides  face
each o ther  w i th  one non-vo lcan ic  ou ter  a rc  in  conmon.
rglcslEl__Arees
Areas  o f  g rea tes t  po ten t ia ls  in  Indones ia  a re  the  area
a long the  Semangko R i f t  Zone in  Sumat ra ,  Java,  Cent ra l  F lo res ,
South  and Nor thern  Su lawes i ,  Ha lmahera  and severa l  o thers  (see
Pla te  I ) .  Very  1 i t t1e  j -s  known about  the  thermal  spr ings  in
Ka l imantan ;  Ba l i  has  recent ly  been inves t iga ted  (no t  ind ica ted
in  P la te  I )  and no th ing  is  known about  West  l r ian .
T t rough severa l  geothermal  surveys  have been made (Zen,
1967)  the  rea l  and exac t  po ten t ia l  o f  Indones ia  in  the  f ie ld
o f  geothermy is  no t  known.  One Un i ted  Nat lon  exper t  pu t  the
geothermal  po ten t ia l  o f  Java as  h igh  as  severa l  thousands o f
Megav/atts (Meidav, 1972> .
0 f  the  so  many po ten t ia l  a reas  on ly  the  Vo lcan ic  Complex
of  D ieng in  Cent ra l  Java has  reached i tb  exp lo ra to ry  d r i l l i ng
s ta te ,  whereas  the  Kamodjang So l fa ta ra  f ie ld  in  West  Java
might  be  exp lo red  and inves t iga ted  more  in  de ta i l  by  a  com-
b ined New Zea land -  Indones ian  team.
As o f  now qu i te  a  lo t  o f  a t ten t ion  is  pa id  to  severa l
a reas  in  Java.  However ,  the  po ten t ia ls  o f  Sumat ra  and Su lawe-
s i  remain  pracc ica l l y  unkno inm.  I t  i s  the  au thor ts  op in ion
tha t  inventar isa t lon  o f  da ta  o f  those respec t lve  areas  shou ld
be done as  qu ick ly  as  poss ib le .  A  fa i r  geo log ic  map on a
s c a l e  o f  a t  l e a s t  1 : 2 5 0 . 0 0 0 ,  w i t h  a  m o r e  d e t a i l e d  l n f o r m a t i o n
on geothermy shou ld  be  ava i lab le  in  o rder  to  make these areas
. i t t rac t i ve  fo r  fu tu re  inves tment  in  th is  f ie ld .
Table 1.  Evolut ion of
eastern Borneo
p .  7 0 )
1 \
Ehe Meratus Mountains in south-
(according to Van Bemmelen, 1954,
Orogenesis Volcanisrn and plutonism
3rd inpulse of
Plio-P1ei.s tocene
upl i f t  in
t imes.
No external volcanism. The ero-
s ion  has  no t  ye t  su f f i c ien t ly
fa r  p rogressed to  es tab l i sh  the
presence or  absence o f  concomi t -
tan grani-te intrusions.
Qu ie t  subs idence in  Ter t i -
ary times
External volcanisrn persists inLo
Eocene t imes.
2r,d impulse of upl i f t  at
the end of Cretaceous t imes
External volcanism of the Paci-
f i c  su l te .  The quarLz  d io r i t i c
f111 ings  o f  ven ts  a re  a t  p resent
exoosed.
Quite subsidence in
and La te  Cre taceous
No exEerna l  vo lcan ism.Middle
t imes
I  s t  i rnpulse of
Early Cretaceous
upl i f t  in
ti-mes
No ex terna l  vo lcan ism.  Gran i tes
in t ruded in to  the  bas ic  p lu to -
n i t e s  o f  t h e  o p h i o l i t i c  s u i t e .
Subs idence in  Jurass ic
t i m e s .
Format ion  o f  oph io l i t i c  in t ru -
s ions  and ex t rus ions .
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Table 2. Evolution of the
(according to Van
Barisan Mountains in Sumatra
Bemme len ,  1954 ,  p .  71 ) .
Orogenes is Volcanism and plutonism
3rd impulse of
Pl io-P1eis tocene
upl i f t  in
times
Revival of the external basalto-
andeslt ic volcanism. Intruding
granites (3rd generation) caus-
ed v j -o1ent  e rup t ions  o f  dac i t i c
and rhyo l i t i c  pumicer  
€ .8 .  those
of Ranau and Toba.
Qu ie t  subs idence
Pl iocene t imes
External volcanism, malnly of
basalt ic and andesit ic comDosi-
t i o n .
in Mio-
2nd irnpulse of upl i f t  in
Middle Miocene t imes
Violent eruptions of dacit ic and
rhyo l i t i c  pumice ,  espec ia l l y  a -
long the Semangko fault zone on
the  top  o f  the  geant ic l ine ,  a re
assoc ia ted  w i th  the  in t rus ion  o f
g ran i tes  (2nd genera t i .on) .
Qu ie t  subs idence in  O l igo-
Miocene t imes
Strong volcanic activi ty, mainly
o f  basa l t i c  and andes i t i c ,  bu t
somet imes dac i t i c  compos i t ion .
Produced the "01d Andesite for-
m a t l o n t t .
l s t  impu lse  o f
La te  Cre taceous
Eocene t lmes
' r n 1 i  f  t  i n
and Early
No external- volcanism. Intru-
s lon of  grani tes ( ls t  genera-
rion) .
Geosync l ina l  subs idence,
espec ia l l y  in  La te  Mesozo-
ic  t imes (geosync l ina l
fo redeep o f  a  mounta in
c h a i n  N . E .  o f  t h e  B a r i s a n
Z o n e .
Oph io l i t i c  rocks  in t rude the  ge-
osync l ina l  sed iments ,  € .8 .  in
the Garba and the Gumai Moun-
tains in southern Sumatra.
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GEOTHERMY An\D ITS IMPLICATION TO THE FURTIIER INDUSTRIAL DEVEL-
OPMENT II{ ]I.IDONESIA
Cornp le te  da ta  on  the  resource  o f  energy  o f  Indones ia  and
i t s  c o n s u m p t i o n  p a t t e r n  i s  n o t  a v a i l a b l e .  A t  t h i s  s t a g e  i t
can  be  sa id  tha t  the  l ign i te  reserve  is  es t lmated  a t  rough ly
6  b i l l i o n  m e t r i c  t o n s ,  c o a l  a t  5 0 0  m i l l i o n s  t o n s  ( r e c e n t  e x -
p l o r a t i o n  n o t  l n c l u d e d ) ,  n a t u r a l  g a s  a t  4 3  b l l l i o n  c u b i c  m e -
te rs  (Ar ismunandar ,  L972)  .  An t ic ipa ted  o i1  p roduc t ic rn  be fore
1980 w i l l  be  around 3  mi l l ion  bar re ls  a  day .  To ta l  I l i rd ropower
capac i ty  i s  es t imated  aL  28 .000 M W,  whereas  the  gco thermal
po ten t ia l  o f  Java on ly  i s  es t imated  as  l - r igh  as  scvera l  thou-
sands o f  megawat ts .  I t  i s  fu r ther  es t imated  tha t  the  demand
for  e lec t r i c  power  w i l l  reach 5100 M W in  the  year  1990 (Hoes-
n i ,  e t  a I ,  1 9 7 1 ) .
Because o f  i t s  re la t i ve ly  1ow cos t  geothermal  power  i s
compet i t i ve  as  a  source  o f  energy .  However ,  geothermal  energy
i s  n o t  f r e e  e n e r g y .  C a p i t a l  a s  w e l l  a s  c o o r d i n a t e d  e f f o r t s
s h o u l d  b e  i n v e s t e d  i n  t h i s  f i e l d  i n  o r d e r  t o  o b t a i n  a  c l e a r
p ic tu re  as  to  what  ex ten t  i t  can  p lay  a  ro le  in  thc  indus t r i i t l .
deve lopurent  p lann ing  in  Indones ia .  The idea o f  sav ing  pc t ro -
leum as  an  expor t  commodi ty  as  much as  poss ib le  and usc  geo-
thermal  energy  together  w i th  hydropower  and o ther  k inds  o f
e n e r g y ,  e x c e p t  o i 1 ,  f o r  d o m e s t i c  u s e  i s  q u i t e  a t t r a c L i v e .
B e s i d e s ,  i t  i s  p r e d i c t e d  t h a t  w i t h i n  a  c o u p l e  o f  d c c a c l c s  a l l
f o s s i l  f u e l s  w i l l  b e  c o n s u m e d .  I t  i s  w i t h i n  t h i s  f r a m e  o f
re fe rence tha t  the  au thor  fee ls  the  urgent  need o f  cxp lo r ing
a L l  k i n d  o f  p o s s i b i l i L i e s  o f  d c v e l o p i n g  n e w  k i n d s  o f  c n t ' r g y ,
geothermal  energy  inc luded.
L a s t  b u t  n o t  l e a s t ,  h o w  f a r  w i l l  t h e  u t i l i z a t i o n  o f  g c o -
t l r e r m a l  e n e r g y  b e  d a m a g i n g  t o  t h c  e n v i r o n r n c n t s ?  T l r i  s  i s  o r ) c
pr ime ques t ion  to  be  so lved fa r  in  advance.
T h e  c u r r e n t  r n o s t  d c b a t c d  e n e r g y  c r i s i s  a n d  t h t '  l o L r g  t c r m
p r o j e c t e d  f i n i t e n e s s  o f  f u e l  r e s o u r c e s  o n  o n e  h a n d  a n d  t h e  i n -
c r e a s i n g  s u c c e s s  o f  e n v i r o n m e n t a l i s t  i n  s r a l l i n g  t l r e  b u i l d i n g
of  new genera t ing  p lan ts  in  many deve lopcd count r i cs  make de-
ve lopments  o f  geothermal  power  p lan ts  more  a t t r i i c t i ve .  As  o f
n o w  n o  i n d i c a t i o n s  h a v e  b e i n  c i t e d  a b o u t  p o l l u t i o n  c a u s e d  b y
g e o t h e r m a l  p l a n t s .  G i 1 l u 1 y  ( 1 9 7 0 )  s t a t e d  t h a t  t a p p i n g  t h c s c
n a t u r a l l y  o c c u r r i n g  p o o l s  o f  h o t  w a t e r  b e n e a t h  t h c  e a r t l r  c n r s t
w o u l d  c a u s e  f e w  o f  t h e  p o i  l u t i o n  p r o b l e r n s  c i c a t c d  b y  ,  o n v e n -
t i o n a l  o r  n u c l e a r  p o w e r  p l a n t s .
l lagma power  Co (G i11u ly  ,  1970)  w l . r i ch  has  a  geothermal
' - ^ - - ^ -  ^ r  1 ^ !  _ 1 ^ _ !  i ' ^  D - ^ J _ .  \ ' - - . ^ r ^  i s  r r s i n ( ,  ; ]  s V q l p r r r  O f  h e a tP U w E !  P a f  u L  y r d r r L  ! r r  D r d u y ,  . r E v d u d ,
t r a n s f e r  t h a t  e l i m i n a t e s  s o m e  o f  t h e  p o s s i b l e  d i s a d v a n t a g e s
o f  g e o t h e r n L a L  p o w e r .  T h e  s y s t e m  b r i n g s  l r o L  w a t ( . r  a n d  s t c a m
f r o m  a  g e o t h e r m a l  r e s e r v o i r  t o  t h e  s u r f a c e ,  b u t  t h c  s t e a m  i t -
s e l f  d o e s  n o E  a c t u a l l y  o p e r a t e  t h e  p o w c r  p 1 a n t .  l n s t c a d  t l r e
s t e a m  a n d  h o t  w a t e r  a r e  u s e d  t o  h e a t  i s o b u t a n e - a n d  t h e  i s o -
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l r u t a n e  t u r n s  t h e  p l a n t t s  t u r b i n e .  T h e n  t h e  h o t  w a t e r  1 s  p u m p -
ec i  back  in to  the  reservo i r .
D a l 1 a s  P e c k  ( o p .  c j - t .  c i l l u 1 y ,  1 9 7 0 )  s t a t e d  t h a t  s u c h  a
h e a L  t r a n s f e r  s y s t e m  e l i m i n a t e s  t w o  p o s s i b l e  s o u r c e s  o f  e n v i -
r o n m c n t  d a m a g c :  l e f t o v e r  b r i n e ,  w h i c h  i n  s o m e  c a s e s  m i g h t  b e
t o x i c  a n d  d i t f i c u l r  E o  d i s p o s e  o f ,  a n d  p o s s i b l e  s i n k i n g  o f  t h e
ground caused by  remov ing  the  subsur face  water .  Russ ian  eng i -
n e e r s  a r e  e x p e r i m e n t i n g  r + i t h  s i m i l a r  h e a t  t r a n s f e r  s y s t e m ,  u s -
i n g  F r e o n  i n s t e a d  o f  i s o b u t a n e .
T i ) a t  g e o t h e r m y  c o u l d  b e  a  n e w  s o u r c e  o f  e n e r g y ,  i s  n o
l o n g e r  q u e s t i o n e d .  H o w e v e r ,  c o u l d  g e o t h e r m a l  e n e r g y  b e  l a r g e
enough to  p lay  a  ro le  in  suppor t lng  an  overa l l  indus t r ia l  de-
ve lopment  p rogram such as  p lanned by  Indones ia?
I t  i s  es t lmated  tha t  t l i e  D ieng Mounta ins  in  Cent ra l  Java
m i g l r  t  b e  a b l e  t o  s u p p l y  e l e c t r i c  p o \ , / e r  o f  t h e  o r d e r  o f  2 0 0
m c g r r { a t t s  f o r  2 5  y e a r s  o r  1 0 0  m c g a w a . t t s  f o r  5 0  y e a r s .  T h e
l o n g  d r a u g h t  o f  1 9 7 2  h a s  p r o v e d  c l e a r l y  t h a t  I n d o n e s i a r s  e l e c -
t r i c  po \ rc r  supp ly  i s  fa r  f rom adequate  to  meet  the  consumer ts
demand whereas  Indones ia  has  no t  even en tered  i t s  fu l l  indus-
t r i a l  i s a t i o n  p r o g r a m .  I t  i s  s c h e d u l c d  t h a t  t h e  e m p h a s i s  o f
lndoncs la 's  second l ' i ve  Year  P lan  rv i l1  be  more  in  the  indus-
t r i a l  s e c t o r .
I r . r  the  Un i tc<1 Sta tes ,  geothqrmy has  ga ined cons iderab le
a t t e n t i o n .  I n  C a l i f o r n i a ,  t h e  I m p e r i a l  V a 1 1 e y  G e o t h e r m a l  s i t e
o n l v  i s  r n n o r f  e d  f  , r  l  n  r h l o  t s ^  n r n 6 l l 1 p p  c l e c f  r i c i  f v  o f  2 0 . 0 0 0
t o  3 0 . 0 0 0  m e g a r ^ / a t t s .  O t h e r  c o u n t r i e s  s u c h  a s  t h e  S o v i e t  U -
n i o n ,  t h c  P l r i  I  i p p j n e s ,  ' - L L r r k e y ,  C h i 1 e ,  I l 1  S a l v a d o r  s t a r t  a  w i d e
g e o t l r e r m a l  e x p l o r a t i o n  p r o g r a m .
I n  I n d o n e s i a ,  m a n v  n r i n i n g  d i s t r i c t s  w 1 1 1  b e  o p e n e d  i n  t h e
i i a s t c r n  p a r t  o f  t h e  a r c h i p e i l a g o  ( I n t e r n a t i o n a l  N i c k e l  C o r n p a n y
i n  L a s L  S u f a w c s i ,  A n e k a  T a m b a n g  i n  C e n t c r  S u l a w e s i ,  P a c i f i c
i i i c h e l  i n  G a g  I s l a n d ,  F r e e  p o r t  S u l p h u r  i n  W e s t  l r i a n ) .  P r e -
s c n L  d r y  m i n e r a l  e x p l o r a t i o n  p r o g r a r n  i n  t h e  e a s t e r n  p a r t  o f
T r r d o r r c s  i a  m i g l t t  d i s c o v e r  n e w  a r c a s  w h i c h  m i g h t  d e v e l o p  i n t o
r u i n i n g  d i s t r i c t s .
I f  Indones ia  in  the  fu tu re  no  longer  wou ld  cons ider  ex-
n o r f i r r l  o r p s  h r t r  s f , 1  r f  e x n o r f i n q  F l n i s h e d  o r  h a l f  f i n i s h e d
mi r r ing  produc ts ,  a  la rge  amount  o f  energy  w i l l  be  requ i red  fo r
thc  p rocess .  0n  the  o ther  hand a l l  the  produc ing  o i l  \ ^ /e11 are
i r r  f l r e  r r c s f e r n  n . r t  o f  I n d o n e s j a .
l : i n e l l y ,  t l r e  a u t l r o r  o f  t h i s  p a p e r  i s  o f  t h e  o p i n i o n  t h a t
I r r d o n c s j a  s h o u l d  h a v e  a  c l e a r  c u t  p o l i c y  o n  e n e r g y ,  g e o t h e r m a l
er le rgy  inc luded.
L tnce  and fo r  a l l  the  government  must  so lve  the  prob lem
r v l r e r l r o r  2  n r i \ 7 : f p  e n t e r n r i s e  ( C o m e s t i c  o r  f o r e i s n )  c o u l d  d e -r v ! e 4 b r r l  u
'  T n d o r r e s  i  a ' s  s  E a t e  e l e c t r i c  c o m p a n y  .
ve lop  such a  geothermal  power  p lan t  and se11 i t s  e lec t r i c i t v
t o  t h e  p u b l i c  b e s i d e  t h e  p L N * ) .
I t  i s  the  au thor ts  f i rm op in ion  tha t  the  government  o f
Indonesi-a alone through the PLN would not be able to provide
the  g igant ic  demand o f  e lec t r i c i t y  needed fo r  Indones ia rs  fu -
tu re  indus t r ia l i sa t ion  program.  The power  b lack  ou t  dur ing
the  draught  o f  7972 is  a  c lear  p roo f .
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